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[W*^ 1 ] A 1 G a A s ^*t#CD y h y 4 y'M^S ftl^— f^fT 

yS-14@^±T^tttf-h^A 1 GaAs|«?77 KJf&C/T^A 1 GaAs|) 
y y Vmt\ ftiftL, fe&m tciS^A 1 G a A s 1 ^ 7 y K«fc. f£t£S 
tew LA 1 G a A s 1^77 K«<*>fl»fl|fctS!»t ^oA 1 G a A s MS 
1^77h'iJ:Ul Mj&t^ # < , mftmtfi&^A lGaAs?j2^77 K 

im^m 2] ii^77kimi2^77 k«* ? , -e^L-rti, a 1 x g 

ai-x As (0<x<l) IWAly Gai_ y As (0<y<l) ®i:Ltf 

o 

3 ] A 1 G a A s ^*ffl-0> 'j 7y^h7>f #: 1/ - -TH^ 

GaAsSili:> SttlMCfllWA l y Gai. y As (0<y< 1) ^ 
7 y KJf , *3gfc|S| DflSOA l x Gai_ x As (0< x< 1 ) y K«, 
/ > K-7fStt*«, it^fllOA l x Ga!_ x As ( 0 < x < 1 ) Hi 
A 1 z G a i_ z A s ( 0 < z £ 1 ) x^nh-; «t 
i|fr#mS^A l x Gai_ x As (0<x< 1) $2^77 KS, mtitt&mnm 
^AI y Gai. y As (0<y<l) *3^5y K/f, SWtlilSWG 
a A s n^** h«*fc£*«MM*ii£flfx., 

*ti-?ti, m2??y Vm, m3??y KB, > ^ ^ * h 7>f 

mriej- y ^ > h y ~?M<OA 1 g&jjfcjfc z , & 1 * 7 y KB&tf* 2 9 v y K 
«<7)A 1 SJcJtx, 3femiH3 ? 9 7 KlOA 1 SJUfcy^ x < z T% x 
<y-C*«9> xiz^ s 0. 0 2 5J^±tcSX5E$tLTV^ CI t ^Stt^f 
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lit ^4] mm^y^>^^hy^m<omm^, o. ois^m^o 

[W^Jl 5 ] A 1 G a A s rhW¥f<D 'J v X Vy4 y'M^Mi^- ^ — -*f HT- 

SftJitt-hK, Al x Gai_ x As (0<x<l) $1 ^77 Fi, A 1 2 G 
a i_ z A s (0<z^l) i7f>7Xh^i, Al x Gai_ x As ( 0 < x 
< 1 ) |2^7 7Kf, A 1 y Gaj.y As ( 0 < y < 1 ) |3^77 K/f , S. 

1 a^jt z , mi rmwrn 2^77 kioa 1 «it x , 1^1:^3 * 

y y Vm<VA 1 &J&Jty7$ s \ x<zT% ^o x <yc*»), xtz<7)i^O. 0 
n > * * h JB, l3^7 7Fi, /Wf£ 2^77 Ki^-7x 7 h _x y >f l 

hm. m3?yy VmJkX?m2 ?77 K«<7)^^ t Xu*. - y hx 7 f 

m2 y vm <vnu ^^y^-> ?y v yy°mtx?^> Mfcrnm t mmitfo 

t <r>l&^WLfr ht£%>3-y^-\y\Xy3-y Y^-y^f-y 7-f%>% 2J^y^->y 

[m^m 6 ] iu7f> yxmx*. y?->yz tifzmmm& zy^-ym. 
OtitWLxmfeyfcfr-t z> m&y f7^iix 7 f> mm t m 2 ^ y ^ > mm 

o 

if^zm-r zt%<, iix.yf> mmfrh-m&x f- y r^gtt 2^-y^-y 
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2 0 0 3 -0 1 4 4 5 1 ^- V : 3/ 

So 

[#§iKofflMffl&ra] 
[0001] 

[0 0 0 2] 

ifi^. A 1 G a A s llffi*iv>f:*«Sf <0«U-f l^lt ftr"V 

tv»S e Nd : YAG^Nd I YV0 4 ^^^b h h^>TOW8 0 8 nm# 

j£tC<b^<0"C, N d ! YAG^N d : Y V 0 4 *£<7>mfc\'-*f<OW}1&MytWt L 

[0 0 0 3] 

dTN EI 1 0 £#PSLT, a^di*'; r/IOiil^tt^^A 1 G a 

a s ^mzu-^mj-^mmzmm-rzo m 1 o nmtb&fr «; ? ^stomal & 

tt^TOA 1 G a A s^S#l^-f f T-OBfffi@-Cib*o 

^*^S^ii<^'; r>l^)A 1 G a A s^$fl/-fi^2 OOli, 010 
HtfI-J:^^ n-GaAsit2 0 l±i:, n-GaAs^-;77|2 0 2, 
n-A I0.47G a A s ^ 7 KH 2 0 3, fct£JigG2 0 4 , p-A I0.47G a A 
s|1777K12 0 5, X7f^^h 7 -/|2 0 6, p - A l 0.47G a A s 
I2 77 7K12 0 7, W p -GaAs3>^7H2 0 8 fclll^J. e ^ 4r v 

p-|2^77K12 0 7 RXf p - n > * * h « 2 0 8 'J-r/i: LtM 
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Zti, m : M&AWM2 2 0 «Ltv^„ Aff 2 2 0 £M<;-f & 'J -y 

v^ffll&fi* fflx.^n - G a A s myOTlk® 2 1 1 XM&biht ti, m^riA?! 
*S2 2 1 WLO^o 

i7t, p-n>^ni2 0 8 n — G a A s HflfLlSlrJf 2 1 l±H(±pffilJ 
112 1 2#\ n-G a A s 2 0 1 0*ffiH(± nfiiJSS 2 1 3 ri s i£lt <bftT 

[0 0 0 4] 

±i$<7)^^l^— T^T-2 0 0(1, U v V J* b?^ "/l<7)lIftAi^ 2 2 0 
<50MffiiJ^mv^ffiAfW2 2 0 tM<7)^S^#T*a^StLTV^^ iCi Ij 

fct, ±^l#i/-ffT2ooii, viA^r-v Teh u— "f^oji^r* 

[0 0 0 5] 

>kK, mi 1 ^<bEI 1 3 Sr#JSLT\ ±lW^^f#:i/-fff 2 0 00 
^iS^^m^i-^o Bill (a) (b) , B12 (c) i (d) , WH] 1 

3 (e) t (f) -e^t-rtL. fe*<D¥mfau-^m?-2 o ozmig-rz>m<D 
#ieo«*ai£^-tiffiBig-e*& 0 

Ull (a) tC^-t-i^H, MOVPE (Metal Organic Vapor Phase 
Epitaxy ) S^MOCVDS (Metal Organic Chemical Vapor Deposition ) & 

m<7)^m£mMffij&mfefc xn, iioxe^ + y + ^m^xmx\ n - g a a 

slf 2 0 l±i:, n-GaAsA777|2 0 2, n - A 1 q. 47G a A s * =r 
v KS 2 0 3, ?St$/IS&2 0 4, p-A l 0 .47GaAslM ^77Kf2 0 5> 
x-;f>^b77'12 0 6, p - A 1 0. 47G a A s % 2 9 =7 v KJf 2 0 7 „ R 
^p-GaAs3>^ M2 08 * W^J- ^ 9 * =s * £ fy;^\f 

[0 0 0 6] 

HI 1 (b) K^-J-J:?^ CVD (Chemical Vapor Deposit io n ) ?£ 
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mm 2 0 0 3 -0 1 4 4 5 1 ^- v : 5/ 

"9 S i 0 2 JK2 1 4 £±i£<77«/i#:2 1 0 <D±M, o|l)p-GaAs3 
>^^M2 0 8_ttCj£;jg&U MKS i 0 2 12 1 4<D±mK^MM$)Hz£ t) x 

[0 0 0 7] 

l/^F7^^2 1 5 £ffiv>-cS i02l214^^--^^U it 
^tl/'^ 1 5 £&fc*LT, El 1 2 (c) H^1"J: S i 0 2 ^ 

7? 2 145rp-GaAs3>^^H2 0 8±HfM"T>i>o 
[0 0 0 8] 

mi 2 (d) K^1-«fc S 1O2 7^^21 4 _bf&» <b * ^ y h^- 

yf>»(a l)p-GaAs3>^^M2 0 8, Wp - A l 0.47G a A 
sm2<D??y K12 0 7 tx^f^^LT, 'J 7y^Mf-i) 0 

^•yT-yyZftdm^lt, p-GaAs^>^^ H 2 0 8S^p-A l 0 47 
GaAsi2O^7-;K12 0 7 U -i- v f- > if 7. Y v 7°f 2 0 6 

f-^fcfi^o -HtJ:^ i7f^^ h 77i 2 0 6 CMLtp-A 1 0.47 
GaAs|2W777Kl2 0 7 fcii^WKIfc^rCi 
[0 0 0 9] 

Ell 3 (e) bZyfi-r £ 7 {Z, i 2 Ox t> ^ y t ^MIIIC^T L, 
y vOMflJtCn-G a A s WSfcffljhJl 2 1 1 ^SiR^ft^^ir^o iofcl, 'J 
y vglLhM^fi Si0 2 77,72 14 7&^ft1-<S<7)T% U -y v±U(± n - G a A 
s fflih* tt J&K L & v » 0 

>X^X\ Ml 3 (f ) fc^-J^K, Si0 2 7X721 4£I£*U ^v^r 
p-3>77M2 0 8 RZ/n - G a A s ««£ffijhS 2 1 1 ±iZ p <HlJ«^2 1 2 
n-G a A sift2 0 1 OSEISU nUMM 2 1 3 ^Mt^ 

[0 0 10] 

o 
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#0 2 0 0 3 -0 1 4 4 5 1 ^- v I 6/ 

[0 0 1 l ] 

5W\ 'J-yy^ff^lBlffl-Ciio EI 12 (d) K*5V»T, x 7 f>^ h 
•;7 P l2 0 6 ?:Al m G a i_ m A s U xyf/^LT^ h5>f yjfto 'J y v 

Al m G a i_ m A s ^ & £ J~ v * > 77, h -y yjf 2 0 6 * f 7 y S?^ J. y ^ ^ 
y h i:^Lx -7 > r«?t££^ L&v> -fh £ h If, y ^ > ^jr. 7f>^ 
X h '^i 2 0 6 fcjfji Lt p - A 1 0.47G a A s i 1 ^ 7 7 Ki 2 0 5 CI L 
, ^(aotfi, t&®MU2 0 4 t:J -eM&^fc i>&& 0 
[0 0 12] 

vm&x-vf-^y Y Zfle.m-f&mt), p - A 1 0.47G aAsi2^77KI20 
l^juy^f-y yx» § , 7>ox y *f- y 77 0 6 "Cfltjhi-* i^^All. 

J&Wy h7^!2 0 6OAl a^m^I^THi-^- fc^i&ISKfc&o 

01*. If, p -A 1 0.47G aAs|2^77K12 0 7 tX'yf>^h7 -/Ji 
2 0 6 i:Oi7f> ^31^14^ KWi^C, Al m Gai. ra Asi7f> 
h y -fmOA 1 Mem £{& < i" & <h , x 7 f>^F7 2 0 6 -V 

[0 0 13] 

-x -y > f77l 2 0 6©Al &j£mtf>fHgKffcx.-C\ "7 -ygft^J. y J ^ 
> KOiftjgfcgHSgLT, p-A l 0 .47GaAsf 2 ^7 7 M2 0 7 txyf> 
h77 o 12 0 6 ^Wii^tt^T^i < Lid h-r^, p-A 1 0.47G a A s 
I2777M2 0 7 Ox -y > $r V- b ^iTLt, x -y ^ > 7X # <>; v> 
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2 1 4 txyfv^tio ^<Dtzib^ S i O2 v^^2 1 4 fc*t1-&a*?14 

Si0 2 "77,^21 4 0lHJ?^«:ia^1ftHL^tt*Liir^f>^v» 0 of {9 N -7 y& 
?^7ft>F n li , tf&m tzte&o 

[0 0 14] 

t Lt, X7f>nF77 , l2 0 6 CGaInP U i y ^ -V > 

h y y°m 2 0 6 -C#jkS-££ :H ? tl^ 0 
[0 0 1 5] 

L^U x 7 f>^f77l2 0 6 t:Ga I n P£££ffi-f&<h. IflOilf 
nvt^filg-C, Gal n P x 7 f > ^'x h 7 7l ^il $ -^1) 

it-OA s^o-^f i^f> p^^fi^ci^L, ^ojfcgiagfc— arnf 

TG a I nPx 7 f>n h v &J&S£-££lt*U£ & h >k^X\ G a 

i n px7f>^ h y^mzmmmttzmz, nm, m<Dm&Mm*±x-2-£ 

, A s^#fl^CML, $5 <7) p — A 1 0.47G aAs|2^77Ki207 

tfz. Gain Px 7 fy^ h y -fm*&m Ltzftmtjwm - K^h7^ 
■7°M#S# 1/ - *f SHF-tNi, G a I nPx7f>^f'7yiCJ;t)4D 
i*0^|:J:i), NFP (Near Field Pattern) <Dfflktt£ti:mt& J 3-x.X 

[0 0 16] 

ffjif 5-2 5 9 5 7 4f&#(±, £ft«bOFp1«£#&1-£rt:#K, 
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EP*k UMB&fRK J: *Uf , A 1 *ftj£Jt7&*0. 38-0. 6<?)AlGaAs£? 
9 y Al SJ&7& ? 0 . 6 m±<7) A 1 GaAsi^xyf V *f7>. \- y y°m \Z 

[0 0 17] 

mz-l£? 7 y K«KA 1 o.5 GaAst x-yfv^h-^i 
tCfll^O. 0 6 // m<7)A 1 0.6 GaAs^HU x^f t> h t Ltlifi^i 

Lt, :«x 7 ft> h AI0.5 GaAsl^X7f>m^ 
OA 1 0.6 GaAsl^xyf^^L^w, Al 0 .6 GaAsi^fflLt 

[0 0 18] 

ife, X7f>n h * ? ? v vm^m da 1 g a a si^t^s 

OT\ xyf>^f y 7"J1 * 9 y K*©j£*MM*h&*ra ZXh «9 , A 1 ajsjt 

^7 Ki^l^J: 19 &&v>iS#T^*££IS:&t& £ t&X*£ 2><DX\ Jtcnm C 

[0 0 19] 
[#^m 1 ] 

tPi¥5-2 5 9 5 7 4^$R (Hi) 
[0 0 2 0] 

mwtmfcLXo t-t&mm) 

L**U «H8&fftwJ:*^S#:^-Hf3R^-oflfji-cii, Al 0 .5 GaAs^7 
y K® «fc t) i>mVT^<Di&^ A 1 0. 6 GaAsx 7 f>^l>7 TTB**'; y vffl) H 
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[0 0 2 1 ] 

A 1 0 .6 GaAsx-vf^^h-y/ioIf^lK^t-S^ jfc^fe 
fitl#14fifp]±-r 4 rt 5 \ A 1 o. 6 GaAsX7f>^^ 7 {± * =7 y KJB t?* 
*Alo.5 G a A s J: H t 7 7°^ ^ t\ ^^'JTC^ltHi 

f4, 

[0 0 2 21 

A 1 G a A s&¥&ftU-VnttO t *<omi&*fei&Wi-t-2>Zb&mtijt LX 
[0 0 2 3] 

[»a * & 7t * <o 

mtmn) t±, A l G a A s^$t#<7)'J h v >f -/a^frW— «f *Tt-*3 

?S14Jl£±T«ir±g&A 1 GaAsl^r; KgWT^A lGaAsI^ 
9 y KJf #\ Zti^ti, m&m t'jfiv^ A lGaAs||H77 K/f , Vf&ttJf 
CM L A 1 G a A s 1^77 KSOfl.fflK&ttfcti, ^oA 1 G a A s 
1^77KliUl a^^TC £ < , Jg#rspj&*1g;v> A 1 G a A s rhM 2^77 K 

[0 0 2 4] 

$ 1 O^C#^>#^#:V-Hf^T"(i, H 1 * 7 y K«OJB«f^J5*» 2 ^ v 

JLflqftKKi, 11^77 VmJkZfm 2?yy KJf#\ ftiftL, A 1 x Gaj. 
x As (0<x<l) WAl y Gaj.y As (0<y<l) SfcLtM? 
*L N ^Ox< y T?$>%> 
[0 0 2 5] 

ttifHf 2003-309 7 53 
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^-v: 10/ 



*fkw^&z>m<D¥mfcis—*rm¥ (wt, i2^ti^) a 1 g a 

G a A s3MR±i::, *^<h R C#mS!<7) A l y Gaj.y As (0< y< 1) 7 
7 v Kl, 3HEt Is] Cfll^A 1 x G a i_ x A s ( 0 < x < 1 ) 
y > K-rf&ttSSU, i«i:IitlOA l x Gai_ x As (0<x<l) Hi 
^7 Kg, A 1 z G a i_ z As ( 0 < z ^ 1 ) x 7 f>^F 7 
titl^A l x Gai_ x As (0<x<l)|2?77 Kg, iSilfll 
OAl y Ga!_ y As (0<y<l) |3^77 Kg, S^ltiifll^G 
aAs3>^ hg^<b&£f«gfifji£fitx., 

-etLfii, S 3 7 7 7 Kg. W r? > 7 7 hg#\ * h 7 

■7°^<7) 1; y v <h L TfM £ *l, 

Itjffijl y ^ > 7*7> h y 7°gC7) A 1 lU&Jt Z , 11777 Kg&LFfil 2 77 7 K 

i^AlMJtx, f^:i377^ KlOAlMfty^ x<zt\ x 

o 

[0 0 2 6] 

m2<DmM^n, mi<7)mmco$m^Mz.x, 11777KIOT2777 

Kl^A 1 a^Jt x <h J- 7 > 7~ 7> h 7 -?m<K A 1 *§J&Jt z <7)Mt^ 0 . 0 2 5 \>X 

ifz, m2 (D^m^m te L fez- y -f- y 77, Y y v°g £#x. £ £ <b K <£ , ^ 
U x 7 f>7*XF7 7li:i2 777 Kg h (7)^T-^ -7 y 7MWi 

S 2 co^-eti, i y if- > 77 Y y "7"Mif9 7 7 Kg t\s\CA 1 GaAs m*t 
f4TfM$nrv^<7)t:\ Si 77 7 Kg, i7f >7*^f 7 7°i, 12777 
Kg, S3 77 7 Kg, RXf? y? 7 HOxt: 7 v -V ^J&S^ilM LTfi 1 ? 
- <h j6 ? T- £ & o 

[0 0 2 7] 
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ttz, %2<D§£WXli, H2^7-7 KlOxyf >^t;|^L > x.y*->yxh 

, 0dx.tf^i>»^i'y^^> hOiSJefclim Lt, Al z Gai_ z As (0 
<z£l) x 7 f>^l>^Wi^0. 0 15^mm±0. 02^mJ^T 

i y ^ > Fx h ^/f^jgrjp^ 0 . 0 15^ m*if -Cfi > ^ h 
«^^<^ if:x 7 f >^ h 77 5 l«^fa±t0. 0 2^ mm 
-t^lT-&^{2&<, 0. 0 2 ium&±iZ-tZ>t, nmWfatf±£ < fci/^ 

[0 0 2 8] 

ft, V r/«i:^U A 1 z G a j_ z As ( 0< z £ 1 ) x 7 f>nf 
^«^i£McOA l x Gai. x As (0<x<l) |1^7.KiC5oO^ 
[0 0 2 9] 

i fc, H 2 OHW-C, A 1 x G a i_ x A s ( 0 < x < 1 ) 1 1 ^ 7 7 KJg i: A 
l x G 31 . x As (0<x< 1) 12^77 K1<7)A l&j£x(2, *ISK#|&o 

A 1 z G a !_ z A s ( 0 < z 2S 1 ) -x y -f- > h y A 1 x G a i_ x 

As (0<x<l) i2^77 KiiHAlM^O. 0 2 5^|<^o 
TV^|$£*K A 1 y G a i_y A s (0<y<l) *3 KifcRCA 1 iftft 

[0 0 3 0] 

iStt«*IU:K. A l x G a i_ x A s (0<x< 1) fl^^Kl, A l z G 
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^-vl 12/ 



a i_ z A s (0<z^l) i^f^^f^l, Al x Gai_ x As ( 0 < x 
< 1 ) I2?77KI, A 1 y Gaj.y As ( 0 < y < 1 ) m 3 * 9 * Ki, S. 

i &/&Jt z , ii^77 Knxtrjn 2^7 7Kioai &/&jt x , &mzm 3 ? 

V •r/Ifilitli, 

n ? hflK 13777 K« 21^*2 Kf^it^xy h x y *f- 

Xflt 

[0 0 3 1 ] 

7 x >07Kv§^ aSKkTM** t <Dfc&m* <b & £ x - y ^ 
y hr-VJ^y hX7f>^; i:j&*»Lv>#3 ^77 KJf aA s n>? 

U ^T'X7f>^ h 7 71 iCtf LTX 7 f > -&X 7 f t > 

iix7f> ^ig-e, x -7 -f - > ^MrW— & < . -x- y * y y ts 

h Crv^t^ %2^-yf-y 7'XflTr^^Mrt^— t^-ex y *f- > # & 
[0 0 3 2] 

^H^ScKctfttf, X7f>n h y -7°St LTX&OJ: -? HA 1 
TtLfzA 1 G a A s/f £i£lt&- ti:J: 19, U 7v^It5^X7f>^ 
Y y-ymitO. 0 1 5//mtt±0. 0 2 ^mTOKMU^xyf 
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^-v: 13/ 



[0 0 3 3] 

z Gai_ z As (0<z^l) -eM^tit^^<7)-C\ llWxt^^ytM 
< > xyf>^h y®. 12^77 Ki, £ 3 * 9 y KJg 

> $n^st:inif, mmz^mMmx^mw^-^rm^mmmm.^m 

[0 0 3 4] 

it|2x 7 f > yjM \,z Wtf-f&o 

±%Rv i 7k\ l zm-fzt%:<, *7 3-^*&mz*tz>\z\±^ mmt^^^LifTsfs-m 

[0 0 3 5] 

*hsb&8i« I* , iz&& - wm^n&m&no—m t?*oT, 

^IliJJ^^f^-flT-l 0 0(i, n-GaAsltlOUC, n 
-GaAsA*777ll 0 2, n - A 1 q. 6 GaA s ^77 Fl 1 0 3, n-A 
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l 0 .47GaAs^77 K* 1 0 4, 1 0 5, p-A 1 0 . 47G a A s fjl 1 

^77K|106, A 1 0. 55G a A s J. -7 > FX h 7^1 1 0 7 , p - A 1 0 . 
47 GaAs^2^77 Kil 08, p - A 1 q. 6 GaAs»3^5y KIl 0 9 

[0 0 3 6] 

p - A 1 0.47G aAs|2?77K1108, p - A 1 0.6 GaAsl3^7 
7K1109, llfp-GaAsn^^MHOli, X h 9 'J y v 

f±, n - G a A s mi/tlSlLS 1 1 1 -et^in, tl^ftAf^ 1 2 1 &fl*j£ 

V y y±ffit**^ p-GaAsn>^nil 1 OSt^n- G a A s mtlfilh 
11 1 10±lStC(ipfl!|«ttl 1 2ri s 5&£3*U n-GaAslSl 0 
H*±niffl««l 1 3ri^j££*i-Cv>*o 
[0 0 3 7] 

*Hli5F^fiJT% — 0fl£ LT, n-GaAsA'77ril 02^11(40. 5 
,unK n-AlQ.6 G a A s 77 7 Kf 1 0 3 WiJ|l4 1 . 0 fx m, n-Al 0 . 
47G a A s ^r; F|l 0 4<7)S)9(iO. 6 ju nu p - A 1 0 . 47G a A s W> 1 * 
9 y KS 1 0 6 Oifli 0. 3 ^ m, A I0.55G a A si7f > 7*7^ h y y°m 1 
0 7<7)®)¥(±0. 015//m, p-Alo.47GaAsi2^77Kil 
J?(±0. 3^m. p-A 1 0.6 GaAsi3^77K110 9 li 1 . 0 ^ 

nu St^p-G a A s hJf 1 1 0<7)l)|(i0. 5 ^m^So 

[0 0 3 8] 

#^»^#ij-ef±, 0 5 ti. 7fc*"-r KJB*#trjfc#i!£Jit LTfltffi 

?tL/:SCH (Separated Confinement Heterostructure ) flfti, |^L<{iMJ¥ 
0. 0 5//mOAl 0 .3 GaAsWKitlHO. 01//m<OAl 0 .i Ga 
A si£&m tfrb%Z> S QW (Single Quantum Well ) fltt£-C*ab&o 
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[0 0 3 9] 

1 0.6 G a A s ? ? y K«, RV*A l 0 .47GaAs^77 K/f OrJfTlllJ&^ti 
Tv^T, rSttlSm 0 51PiJ<7)^-y Klf^A l 0 .47Ga Ast\ H«ti£#efr 
£MfJ^ 7 y m&A 1 o.6 G a A s ^ftJ& £ ftTV>£ 0 

J: < fgteSSBi 0 5 J: 0 L^fiJ Lfcftli, ©ttJfSB i o Sfflijo 

[0 0 4 0] 

^i-Ht?** 0 9**^1 0 OTIi, *MC&A«|fe*i3. 2 1 6 4% 

[0 0 4 1 ] 

— *\ in 8 izTf; l £ j. * } v ^-mu m it , ^mwmmn^mfc v - ^rm^ 1 

0 0 fcffctffcn-A 1 0.6 GaAs^yKHO 3Mp-A 1 0 .6 G a A s 

m% <ommm.lt, n-A 1 0 .6 GaAs^^Kgl 0 3Mp-A 1 06 G 
aAs|3^7Kll 0 9Kftx.T, IJf 1 ^m<7)n-A 1 0 . 47 G a A s ^7 
y Ki, /S.^p - A 1 0.47G a A s ^2 ^ 7 y KJf -faff £ & 0 

-Ofifiifi, fS14if^£»ti>n-A I0.47G a A s ^77 KiS^'p-A 1 0 . 
47G a A s 7 7 7 Ym*-g.Kmtsi&miftmm<7>A l 0 .6 GaAs^^Kli 

fit^^^iji^oTv ^<omm<Dytmc^tbmmt3. 1 6 4 5%t&£ 

[0 0 4 2] 

A l 0 .55GaA S X7f>7*X h 7 7*1 1 0 7<OJHjy£0 
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i ^MSIifJ-Cli, p - A 1 o. 6 GaAs*3^77K1109tp- 
A 1 o. 47G a A s m 2 * 7 y Kil 0 8 £ A 1 &J&M# ? 0 . 1 3 i), A 1 
0. 55G a A s -x. y ^ > h y 7°Jf 1 0 7 <h p - A 1 0.47G a A s % 2 9 =r y K 
m 1 0 8 t<DA \ m.J&£tfO. 0 8-C&£<, -ItUCfc 0, i^T<7)Mii^?*T*m^ 

[0 0 4 3] 

T*£>& 0 02 (a) t (b) , 03 3 (c) t (d) , 114 (e) t (f) , W 

jg 1 <D j. e g * v a ;i/Bfe#T.^ 

tW, 02 (a) tc^-fi^tc, MO V P Eft^MO C V D'ftf (OtltH 
fflJ&Rft£J:»K iKOxe^ytWlgt, n-GaAsS«1011 

n-GaAs^777|102, n-A 1q.6 G a As ^77 Fi 1 0 3, 
n-A I0.47G aAs^77F110 4 , ?£t£/i£|n 0 5, p-A I0.47G a A 
sll^77 Kil 0 6, A lo.55GaAsX7f >7*7, h y y°m 107, p - 
A 1 0.47G a A s m 2 ? 7 y K/f 1 0 8 , p - A 1 0 . 6 GaAs|3^77Ki 
10 9, A&p-G aAsn^^nil 10 fcH&fcifcf* * v -V^JfiS$-fr, 

•xfcT ^^v^r^^ftUPMLTti, nl h t Lt S i , Selt pi 

K-/f> h t ITZ n, Mg, BelS-ttlitS, 
[0 0 4 4] 

mum'} 

m 2 ( b ) tC/^i- <fc ^ {C, Jtj£<7>«lf 1 1 6 <D±m, o|(}p-Ga 
As3V^Hll 0co±Mt3CVD (Chemical Vapor Deposition) 



WSE# 2003-309 7 537 



mm 2003-014451 



i—V: 17/ 



sio 2 ii 14 zmmL, ics io 2 n 1 4±i l z^Mmmi l zx *) x 

h y^l/y^ h-7X? 1 1 5 ^ff^-T^o 
[0 0 4 5] 

^C, 13 (c) C^tJ:^:, l/y^t>7^M 15^fflv\ x 7 f>^ 
#KJ: «9 S i 02 Ml 1 4 ^/^-^>^Lt, x h ^ ^ -?%k<D S i 0 2 
1 1 4 £ffM1-&o Si0 2 ^Ml4 HMLtfi VV7< ^7X^115 
*W.3k-$ho - 

[0 0 4 6] 

>XK, S i 02 "7^^ 1 1 4 £ffiv>T^;> Fx 7 f>^iCi: *) . p-G 
aAs^/nMl 10, p - A 1 o. 6 G a As»3 Ki 1 0 9, JkTF 

P ~ A 1 0.47G aAs|2?77 Kil 0 8 * 2 J^Pgf ?i * hx 7 f>m-; 

[0 0 4 7] 

5fc-f\ ilSP^X'yhxyf^n*, 03 (d) C^ti-)i:, -x-y^-v 
> h t LT^Ux.(»^<7)i-yf--v > h p-GaAs3>^Ml 1 

0^vf>^*U ^T^y^mr^ffflJtPLT, p-A l 0 .4 7 GaAs| 
2^77 KJB 1 0 8 0ii^-ei7^>^^i?ili$^ -x. y -f- y 1 0.55G a 

A s z-yf-z/?* h 7 7*110 7 t"3t L^v^i ^ !<zir2> 0 

ft, p - A 1 0.47G aAs|2^77 KJf 1 08iAl 0.55G a A s J- y -f- y 
h y y'Ml 0 7 t <Df$T:$m3h<Vx- 7f K: J; ^x 7 f > 

[0 0 4 8] 

i 1 SPg<?)x 7 f > if ^ x 7 f t > F (OMfi, « (9 6%) : ii 

^LtK^tK (31%) :tK-i : 8 : 4 0 (itii^mtt^^ (9 , mt\ M<o$t 

tLfZo Z<D\%mt:^v?-yv-'$:Wikmt2> A I0.55G aAsx 7 f >n 
h v I'M 1 0 7±C#jO . 2 ^ m<7)mJ¥Op - A 1 0.47G aAs|2^7 7 KJB 
1 0 
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^-v: 18/ 



£t»L^ 0 o| (9, MrW*;-Hp-A I0.47G aAst2^7 
y Ki 1 0 8 £ilJoT L£ ^ tz&K, >y ^^mftOJ- v T > 7\t 't>o # ^ £ < 

[0 0 4 9] 

^mi- t % < ? i-ym— i^kvm (5 owt%7Kvt?ft) ^^^^^^tft 3 ^-^^ 
•y^^r> h^^*-r^o «#i$w*±2 o#ra-c*o^ e 

[0 0 5 0] 

fc*^ 3l§M^T^.x.>m-7M» (5 Owt ^<b&&SU<7>$rLv^ 
[0 0 5 1 ] 

t±, h £ Lt^x>i : «BKb**7kOfi^jftfcffli^ g|4 (e) K 

^•f ct 9 fc, Op - A 1 0.47G aAs|2^7 7 KB 1 0 8 £ A 1 0.55G a 
AsX7f>ni>^|i 0 7$ -e-x. 7 ^ > y-f z> 0 

m2&ffi<DJ^v3->y<DJ^v3-v> Mi, ?^yM— tK^0% (5 0wt%7K^ 

) :i&BJHfc7k£* (3 1%) =1 2 : 1 oajfiJto«^ffi*«ffl u j. 
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#11 2 0 0 3 -0 1 4 4 5 1 ^- v : 19/ 

[0 0 5 2] 

I ^^fbfc#7fc<7>rl^»^&£^;/^> Mi, Alo.6 GaAs 
h'7 7ll0 7 ^ltx 7 f>^IiRttWa 0 of 19, A 1 
0. 6 GaAsX7f>nF^U07 (i^tH L£Bf *^\%i&^mfb£ ft, ± 

m 1 0 7-CW±1rZ> 0 
[0 0 5 3] 

H6 tc^^>m-7X» (5 0wt%7M§$Q : imntTkmyk (3 1%) =12 

: 1 (DM. / &WLfrh v > Mc<fc&A l x G a i_ x A s |(7)X7f>^> 

^'7 7(t iii:x-;f>^PI [55-] , ®,mz^ [/.m] SrS**) 

, T^^IIC AlMx^\ 0. 55, 0. 525. 0. 5. 0. 475, 0 
. 4 5, WO (G a A s ) <7)A 1 G a A si«tt^x 7 f h 

o 

[0 0 5 4] 

, A 1 o. 5 GaAstAlQ.525 GaAs ± £ &il^t£ £ Z> d <h 

75^^^>o «T*Ui, AIM^O. 5T1iX7f>^*T"^ ^>coco. Al«^ 
0. 5 2 5 C4it, A 1 7^^b7kf^^«t|£^L, iltAl(:^l,^i: 
, X7f>n'^j:<^au^^Ltv^ 0 

BP*,, Al 0 .5 G a A sflixyf Al 0 .52 

5 G a A s K&£<h, ^0. 0 2 5 <Dh-~<z$)h i^cocoA 1 < tz%>tz*b 

fi£o-C, ii^x. ;/^^ h£j£ffi1-£«I<!:UJ: <9, p - A 1 0.47G a A s W 
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2 ^ 7 7 Ki 1 0 8 ZMlRM^^v 1->7L, AlQ.55GaAsX7f >/7h 
7 1 0 7^x. y^>?*£^jh£^£ ~ .h^i&o 
[0 0 5 5] 

A 1 0.55G aAsx 7 f h 77°fl 0 7±<Dp - A 1 0.47G a A 

si2^77 Kil 0 8^)II|(i^0. 2 M mV£>&frb, m^^v^->y%$m 

[0 0 5 6] 

06 7^5^&J: -9 tc, GaAs(0i7f>^l/-f^i^Jiv^ o ^0 
T, S 1O2 vx^l 1 4THitp-G a A s hill 1 0 CT>^-# 

0 4 (e) (C7Ki-J:9H, 0 . l/umm^-f^o 
5fz, El 6 frhfrfrh X 9 1 2 tPg<^x 7 f > ^tf ffl L itx 7 f t > h 
T'(i, p - A 1 0.6 GaAsi3^77KI109 [ii7f -e<7) 
fci&K, $lgp|(7)X7f>^ «il^x-yft>h«:ttv\ P-AI0.47G 
aAs|2^77K1108 icM^^y f>^*^!foti/^ 0 
[0 0 5 7] 

Ci§«;^:W { im4o A 1 G a A s ^IHi ^fl^C £ 

§mx\ tz-tbt-ibm^<^^xLi^\ teffi^j-y^-yyisbtftkCXLto 

[0 0 5 8] 

E14 (f) ^-f<fc^c, ^2<7)x.tT^^rv^;w^;ftX®T\ S i 0 2 
^^114 £fflv>T 'J 7 vMffilJMS.LK 'J y y«C n - G a A s W,mB.±m 1 
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1 1 zmiRM^j&mmtZo 

n — G a A s SSEKEih® 1 1 Hi, 'J * aWfcKj&ft U S i 0 2 v 

X^l 1 4±H(ijML&^ 0 
[0 0 5 9] 

^{^, H2 (7) K^1-«fc -9 fc, Si0 2 ^M14 ZmicLtzm, p - G 
a A s > * ? h jg i i OM'n-GaAs M : otm.±m 1 1 l±i:p 1 1 

2 BIL, n — G a A s^l 0 1 OUStc nfRWH 1 1 3 ^Mt-5 0 

;^l/-tl^»XA^ij y v*^ h9>f 7^ffli:Si£;frffl^::^*H1-*£ 
o 

[0 0 6 0] 

^ISJfi^&W^S'ffrl'-- iffStiPl 0 OT'tJ, P-Alo.47GaAsi2^7 
■y Vmi 0 8iiAlo.55GaAsX7f>^h77'il 0 7 0A l &j£Mj& s 0 

^#1) & & o 

7^1 1 0 7<7)A 1 &j£ri*0. 5 5 v>(7)-£\ J- y 

o 7-e<7)^^>;r<7)S^7&^$ij$tL, *T-Sfit**®<, Sb 

i xyf> ^ h y "fm&A 1 G a A s "C£> & ri> <b , Hi O-x. fcT * 3r v ^ 

-i^iSo io-r, ffimizR-o>m.v$mr»mmi£ 1 1 6 £ffM-f 

[0 0 6 1 ] 

fcBtiE#2 003-309753 



2003-014451 ^- *J : 22/ 

[0 0 6 2] 

i fc, ^^ife^^lJT'fi. A 1 o. 55 G a A s .x. y > 9*7, \ y y°m 1 0 7 O p 
-A 1 0.47G aAs^2^77 Kil 08 A 1 «c^£ 0. 0 8 i L/: 

t!>\ i(OAl«i(iO. 0 2 5W±T**i), ^^>m-7XfPt; (5 0wt%7ki§ 

aso : Mmt7kmfc (3 1 %) w^jt*j.-y^->^«^i47&^tL*flitc-rtL(f 

[0 0 6 3] 

#!!xJ£\ (39 tc^-tct ? ?3->m~7km%>) (5 0wt%7fcv§?S) : iiSHbfc 
(3 1 %) = 1 1 : 1 OM^»£>££x.y-f--v > h £1£o£<h A 1 0. 
475 GaAsiAlo.5 G a A s "C^l irlWlXii-?, I t^^l» 0 

ni9 ?^>m-~7kmm (5 owt%7jc^t) : M^nt^n* (3 1 %) = 1 

1 : 1 <7)]&&M<7)3-y^- J r y M:<t-?>A1 X G a i_ x A s IpcO-x. y ^ > ^ V- Y 

£HX«9, T^<bflItC A 1 ffitx^ 0. 55, 0. 525, 0. 5, 0. 47 
5, 0. 4 5, W0 (G a A s) OA 1 G a A s m IZft-t v > 7 U- h 

[0 0 6 4] 

1 fc. UnfflfclgM-ete, n - G a A s mvMlhJi 1 1 U'j-; v^SS^'J 

* fc, $$lWJ-e(±, A lo.55GaAsi^f>nF77ll 0 7 * 'J 
f '>! t L - ft£ fife* L fcflfcg tLTU^o 

hk, ^mmfmn-eit, p - a i 0.47G a a s 0 1 * 9 * k« 1 0 6 1 p - 

A 1 0.47G aAs|2^77 Kll 0 8 OA 1 Mc£|b] Cv^ LTV****, 
TV^T^j iv^o f /c, p - A 1 0.47G aAsfl^f KfOA 1 MU±, -x. y 
^ > ^ h y -fm £*fc&iire&o r & «fc < , x 7 f>nf77ii |wj— (7) & 
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iSU t n - G a A s il^ffl^Tv^^, Cft 
K&«bi\ p-G a A s^£ffl^T7TMLT& Jiv^^iw-? £-C&&V> 0 
[0 0 6 5] 

^1 <7)f§H^^ctti(i\ H2 KJSO A lMc£fill KUcoA 1 « 

o 

[0 0 6 6] 

% 2 OH^tc <fc *U£\ x. y 7- y 77s Y y 7°lOA 1 ISit z , £ 1 ? 9 y K/f 
RX/m 2 &J&Jt x , 3^77K|y^, x < z T\ 7>o 

x<ye*0, xtzOi^O. 0 2 5W±t:^t-SCtt:j: *K # 1 <7>§£i^ 

£ M X. X , J^T^M * & d £ J&*T? § * o 

& 2 <7)H^(i, 11^77 KJB&lMI 2 77 7K1<?)A1 McJt xU?f> 
h 7 7l(OA 1 ffi.J&j£ z <DM& 0 . 0 2 5W±t/h$^it^4^t^f), 

£ 2 OH^-eti. iyf^nf';?*!^^'; K/f £ |WJ £ A 1 G a A s ThAt 

&M3rM>famxM]&ztix^2><Dr\ %\77y vm. x 7 f >7*xh 

[0 0 6 7] 

j: tui\ vm, m3??y KJf , 2^77 K«<7) 
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# m 2 0 0 3 - 0 1 4 4 5 1 ^- V ; 24/ 

fl£ . 12^77 K^coaSP^^ y h y 7°/f it^x >m^#?ft £: JSSI 

lt7kl?7kt<^rl^-»'b&&-x.y > ht")X7 ^x 7 f>mi2x-;f 

>ht-)X7 hX7f^n^:i ^iL^f 3^7 7 K® WG a A s X7 > 7 

7 vmzmi^y^y rxu-emtt&x- 7f^K*^x7t-i7f>^u ^ 

2 7 7 y Ki«^lt*Lt, y y^Mf^o 

fjl 1 i -y ^ > 7*1*1 1;\ -X- -y -f - > 7*OM|*| jSj— tt* ? B:$f "C * < > -x. y > 7* tf 
<b# s £ v>T 4) , |2i7f> 7*IST»Mf 14-e-x. -y ^ > 7*-? § & 

[0 0 6 8] 

mLtzA l G a A s M % fHkif Z> Z tl/ZX 0 > 'J 7y^Mf^^x 7 f >n 
h-y7°Jf(±0. 0 1 5//m^±0. 0 2 mUT^I < it L t ^ x 7 f > 

i tz, ^m<7)7jmz X *U£\ J- y y 7-7 \- y 7°Jl7!> ? 7 7 y KJB <h fWJ £ A 1 
z Gai_ z As (0<z^l) -TfM^tLTv^o-e, 1 <DJ- \£ 7 * v ^ 

< , IH77H, -x. y > 7-7 h -y y'm, |2?7 7Fi, 13777 KJB 
> Way?? hSWitf ^ ^rv^;ntS^^MLTtf 9 -<h^T#-5, 0 o^f) 

f £ -1 1 £ £ (7) T\ f& xr 7 h 1/ - ^l?! WHIST* £ & o 

[mi] 

[1212] 
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02 (a) t (b) ^ *ti<?ti, mMKmnv^mfois-ifm^zmm-fz 

[EI3] 

EI 3 (c) t (d) fi, ^ti^ti, EI 2 (b) H^v^T^M^^J<7)^*#P 
[E14] 

HI 4 (e) £ (f) l±, ZtiftL, El 3 (d) KM^TH»^^0^2£#:U 
[H5] 

IH 4 (f) ^^v^r^f^^JO^ii^^-Hf^T^Kitl-^I^^XgOJg 

[me] 

t^ym-mum (5 owt%7tc^?ft) : mmtfcm* (3 1 %) = 1 2 : 1 <d 

X&^Ufrbte&^vfry M:i^A l x G a i_ x A s i»x y f- yfv- Y<D 
[El 7] 

^lfI0!l<7)+i#: P — »f ^OWWaiOi^ * ^-fEl-C&£ 0 

[0 8] 

<7>^S# - fiT-^i fl| jg ox^ ^f - tfcfi £ ^-f El "Cab -So 
[EI 9] 

?^>m-7km® (5 0wt%7K?§®) iSSMbiteMc (3 1%) = 1 1 : 10 

*i£i&<7)^y^--Y > M:i^>A 1 x G a i_ x A sl<7)x-;f >7"U- h<7)^*7 y 
[EI 1 0] 
[Ell 1] 

Ell 1 (a) t (b) (i, •ett-rtL > (EJfeO^NWfcl'-- f3R : f-*«ati--SBSO 
#X@OfH»3S ^^-TilfMEI-e^ -2> o 
[EI 1 2] 
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in 12 ( c ) t (d) (i. ^ti-rn, mi i (b) tzm^xmMftmtfw^m 

[0 1 3 j 

(HI 3 (e) <h (f) -etiW, EI 12 (d) izm^xmmMWMv)^ 
# U - Hf ^^iii-^,p^(7)^.XfI^e#^^^i-Klf®[lI-e^)^o 
[^«] 

100 ilWJOf«#l/-fl^ 101 n-GaAsIl, 1 

0 2 n - G a A s /*y 7 rM, 1 0 3 n-A 1 0 . 6 G a A s ^ 7 7 KH 

^ 104 n-A 1 0.47G a A s ? 7 v KJf, 105 10 6- 

-p-Alo.47GaAsil^77 K/f. 1 0 7 p - A 1 0.55G a A s i y 

f>nh^i, 108 p-Alo.47GaAsf 2^77 Kl, 10 9- 

— p - A 1 0.6 GaAs|3^77 K/f, 1 1 0 p - G a A s =1 > ? ? hJf 

^ 111 n-GaAslIllitS, 112 pffiijmM, 113 nlPJJK 

i> 1 1 4 S i O2 BI> S i O2 v*?, 1 1 5 WTs hv^^, 1 1 

6 mmfo, 1 2 0 «i/tr±Afiit, 1 2 1 m^&AiM, 200- 

if*^> 20 1 nIGaAsiS, 2 0 2 n-Ga 

AsA7 7?i, 2 0 3 n-Al 0 .47GaAs777KI, 2 0 4 

2 0 5 P-Alo.47GaAsil777Kf, 2 0 6 x.y*f-z,y 

^hy^iS, 2 0 7 p— A I0.47G a A s^2 777 KJS^ 2 0 8 p- 

GaAs3>?ni, 2 10 a*#> 2 1 1 n - G a A s *«EEBlh» 

, 2 1 2 puwm^ 2 1 3 nmmm, 2 1 a s io 2 ^ sio 2 

2 15 l^y^f-7 7,7, 2 2 0 W^XWM, 22 1 WiH 
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100 mmi&mm<D¥mibi>— *fm* 

101 n-GaAs^fl£ 

102 n-GaA/ ^yZPrM 

1 03 n — Alo.eGaAs O^fV KH 

104 n -Alo.47GaAs^7^K]f 

105 3H±Jiffi 

1 06 p - Alo.4 7 GaAs H 1 V^V KJf 

1 07 p - Alo.ssGaAs X7f>^Xh7^ 

1 08 p - AI 0 .4 7 GaAs %2 1=?V KJf 

1 09 p - Alo.eGaAs H 3 1=7 V KJf 

110 p-GaAs=i>£^hji 

111 n - GaAsHMlitJi 

112 pmmm 

113 irlliJSI 

120 m%L)±Am®L 

121 mTfcmzAmm 
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i—y. 3/ 



[H3] 
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[El 4] 



(e) 

.114 Si02TX^7 
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[El 8] 
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